ABSTRACT
Introduction
With technological advancements, the need for electronic devices has become imperative to business operations and domestic use. Businesses require systems that are able to drive productivity and sales, while homes require technology for automation, entertainment, and to facilitate a modern lifestyle. The devices however will need to be replaced at a given point in time due to failure or new technologies that render older devices obsolete. This results in the disposal of out-of-date equipment which is referred to as e-waste. E-waste management is a fairly new concept and is one of the intractable environmental issues in the 21 st century.
E-waste has become a concern due to the high volumes in which it is generated, the hazardous constituents it often contains (such as lead, mercury, and chromium), and the lack of regulations applicable to its disposal or recycling. E-waste management has become a global issue and much emphasis has been placed on the subject due to the detrimental environmental consequences of improper practices. The incorrect handling of
The core problem which this study addresses revolves around the current e-waste management practices within MMM, the level of awareness regarding e-waste disposal, and the infrastructure for e-waste collection and recycling. E-waste is a rapidly growing form of solid waste and is becoming one of the largest waste streams. Due to the lack of public awareness regarding recycling and disposal of e-waste, the End-of-Life (EoL) equipment ends up in the Municipal Solid Waste (MSW) stream which could be detrimental to the environment and cause potential health issues. E-waste has garnered significant interest due to the rapidly increasing levels of disposal, the toxic materials it contains, and on the other hand the valuable materials it possesses when properly recycled. E-waste therefore presents both threats and opportunities to MMM. This study aims to highlight how these threats could be mitigated; the opportunities that could be explored, and possibly with more regulations and awareness, could prompt everyone within the city to become more environmentally responsible.
Aim and objective of the study
The aim of this research is to garner and provide information on e-waste management within MMM. The research utilizes e-waste legislation and best practices of other municipalities (nationally and internationally), to possibly provide a benchmark for the current practices. From the findings, suitable recommendations could be made to the governing bodies within MMM, and public organizations, in order to raise awareness of ewaste and the environmentally responsible management of the issue. Within this context, the major objectives were identified as follows:
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To ascertain the level of awareness of e-waste management in MMM;
To investigate the amounts of e-waste entering the MSW stream; and
To compare the current practices within the city to national and international best practices.
Brief literature review
There have been many studies conducted in the past that have assessed the magnitude of ewaste in South Africa. ATE (2012); Bondolfi (2007) ; Widmer & Lombard (2005: 3) and Dittke, et al. (2008) are some contributors to the available information in this regard:
With the most recent information ATE (2012:17) explains that South Africa has a population of 5-8 million, and generates an estimated 2 million tons of e-waste per year. Formal recyclers process approximately 20% of that amount of e-waste. The rest is either in storage, recycled informally, added to the domestic waste stream, or dumped illegally. UNEP (United Nations Environment Program) forecasts that obsolete computers, both in China and in South Africa will rise by 500% in 2020 compared to their 2007 levels (Wang, et al., 2012) . Additionally, apart from domestic generation, developed countries will increase their exports of e-waste into China and Africa by 50-80%. This is driven by the demand for second hand electronic products as well as the business opportunities that those products will offer in terms of refurbishing and recycling.
According to ATE (2012:17) the recycling of e-waste and non-ferrous and ferrous metals is well established in South Africa, but a large informal sector still remains. The recycling systems for e-waste do not conform to any standards and are not suitable for many materials. South Africa is lacking in terms of recycling materials such as CRT tubes, brominated plastics and printed circuit boards, making recycling of these non-viable. This has led to some e-waste becoming a social and environmental hazard. UNEP analysed 11 countries for the sustainable e-waste recycling potential, and studies have revealed that South Africa has the potential to adapt pre-and to some extent, end-processing technologies to suit the country's needs, following a technology and knowledge exchange (Lundgren, 2012:41) . Another area of concern is that there is no specific legislation which governs ewaste, even though a National Environmental Management Waste Act was passed in 2009 to deal with Hazardous waste and introduce measures such as Extended Producer Responsibility [EPR] (ATE, 2012:17) .
South Africa does not have specific legislation for e-waste, but rather several pieces of legislation and by-laws which govern the disposal of hazardous or non-hazardous waste (ATE, 2012:26) . This has been summarized as follows:
The problem with e-waste in South Africa is that because there is no dedicated legislation dealing with e-waste, it is seen from a different perspective, thereby confusing the problem. There is no uniform way in dealing with or enforcing any laws on e-waste as this is handled by various government departments at different levels.
Municipal by-laws hinder recycling and collection activities as e-waste is encapsulated in the same containment as hazardous waste and is collected, transported and stored in a similar manner.
A summary of Legislation in South Africa which impacts on e-waste management is 4 illustrated in the The information above demonstrates that although there are many laws and regulations in South Africa that deal with waste on a broader scale, there are no laws or regulations that deal with e-waste specifically.
South Africa has some better developed recycling facilities, when compared to other African countries, where the majority of the collected e-waste is recycled (Empa, 2009) . However due to the absence of an efficient take back scheme for consumers together with the lack of appropriate financing mechanisms for collectors and recyclers, only a fraction of the e-waste (estimated 10%) currently finds its way to recyclers ( Finlay & Liechti, 2008) .
With over a decade of experience, Switzerland has one of the best established e-waste management systems worldwide (Swiss ewaste, 2013; Sinha-Khetriwal, et al., 2005:492 (Empa, 2009) .
In an attempt to resolve the e-waste problem in South Africa, Hewlett Packard, with the help of Empa, the Global Digital Solidarity Fund (DSF), and other local community forums joined hands, which resulted in the construction of a pilot Material Recovery Facility (MRF) in Cape Town (Dittke, et al., 2008 (Bondolfi, 2007 and ATE, 2012) . These sites proved to be successful in establishing an e-waste management framework in the regions. With this background the eWASA blueprint for e-waste management in South Africa envisages an industry-led take back system with legislative requirements for producers/importers/distributors to take back old and end-of-life products (Ecroignard, 2006) . Also, in a successful e-waste management system, the focus will be to reduce, reuse, repair and recycle effectively, thereby minimising waste and hazardous waste disposal (Maczulak, 2010 ).
E-waste management within MMM is a concern due to the following reasons:
There is a general lack of public awareness of what e-waste is within MMM.
Public awareness reduces the environmental impact of the use of electrical / electronic products (EPA, 2012) . A total of 52% of respondents stated that they either do not know what e-waste is or they are not completely sure. Forty eight percent of respondents claimed that they know what e-waste is, but when asked "What e-waste stands for?", only 37% knew the meaning. This implies that the majority of citizens in MMM are unaware of what e-waste is. Another area of concern is the lack of awareness of e-waste disposal sites or the infrastructure to support it. The results illustrate that 86% of respondents have never disposed of e-waste before. The remaining 14% have taken e-waste to a point for disposal. So some of MMM's e-waste is being recycled, but most of it is in storage, mostly because there is no take back system (Bondolfi, 2007) . This therefore implies that there are collection points available within MMM for e-waste disposal, but these could be limited to business employees or there is a lack of awareness of the collection points. The citizens of MMM consider the concepts of reuse, refurbishment and recycling as important or very important to them. In a successful e-waste management system, the focus should be to reduce, reuse, repair or recycle, to minimise waste generation and hazardous waste disposal (Bondolfi, 2007; ATE, 2012 & Ecroignard, 2006 . Awareness campaigns should incorporate these concepts in order to provoke the thought process before disposal (EPA, 2012) . There are a high number of electrical / electronic devices in use within MMM. The responses however illustrate that there are minimal numbers of electrical/electronic devices that are stored or disposed of by the citizens of MMM.
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This indicates that there could be a bias in the responses received, as there are electrical/electronic devices that are being purchased and are in use, but there is no correlation to the numbers of the devices being disposed of or being stored. In other words, the number of electrical electronic devices coming into the market must be in proportion to the number of devices being stored or disposed of (Goodship & Stevels, 2012) . When respondents disposed of e-waste, there were a high number of disposals into the garbage bin at home or the office. The result of this is that much of the MMM's e-waste is ending up in the MSW and ultimately into the landfill sites (StEP, 2009). The processes or infrastructure for e-waste disposal is clearly an issue within MMM. Citizens are willing to drop off e-waste, but they are not sure where or how to responsibly dispose of it. An opportunity could exist for formal and informal collection services for ewaste within MMM. StEP (2009) suggests that this could be taken by government, retailers, OEM's or commercial entities. Respondents indicate that they would use services if provided for free but are not willing to utilize a service if a payment is required. This implies that respondents are not entirely aware of the implications of irresponsible e-waste disposal or that the laws or regulations that should govern disposal are not effectively communicated or enforced. Should there be more stringent laws which hold citizens responsible for their waste (Polluter Pays); collection initiatives would be more feasible for collectors (Bondolfi, 2007) . The opportunity for e-waste businesses within MMM could be an area of investigation or exploration. Respondents state that they will be interested in investing in a sustainable business opportunity. However, further studies could explore those opportunities by taking all stakeholders into consideration.
Research methodology
The methodology used in this study was partly desktop studies which involved downloading data from government departments, electronic journals and previous studies. This secondary data was used as information to set the framework to compare the current practices with previously set principles. Primary data was also obtained and for this research, quantitative methods were utilized. The data collected was used to assess the level of awareness of e-waste within MMM and the willingness of residents and businesses to participate in e-waste best practices. Additionally the information was utilized to determine what type and quantities of electrical and electronic / consumer goods were utilized in the population, and the frequency of discarding of e-waste. Observations were also conducted at the Bloemfontein South landfill site to possibly quantify the amounts of e-waste disposed by residents and businesses in MMM.
Research findings
The online survey (questionnaire) utilized in the collection of primary data consisted of two sections, which were broken down into Demographic questions and Survey Questions. The survey was emailed to over 300 individuals and business owners, being possible respondents within the MMM. A valid sample size of a minimum of one hundred random respondents was considered for this study. The survey achieved a total of 105 (one hundred and five) responses. 
Section 1: Demographic Questions
The first section of the online questionnaire consisted of 5 demographic questions, designed to obtain the demographic information of the respondents.
Question 1: "What is your age?"
All respondents answered this question and the responses are illustrated in Figure   1 below. The responses received illustrates that majority of the respondents (38.10%) were between the ages of 25 to 34, followed by 29.52% of respondents between the age group of 35 to 44. This shows that a combined majority of 87.62% were between the ages of 25 to 54 years of age. Question 3 aimed at gathering information on the area of residence of the respondents. This was significant to see if respondents answered differently from different areas and also to ensure that the sample representation was from all areas. Seventy two per cent of the respondents were from within the city of Bloemfontein. This included the areas of Bloemfontein South, North, Central and Langenhoven Park. The response from Bloemfontein Township was 11.43%, while Thaba Nchu showed a response of 16.19%. Unfortunately there were no respondents from the Botshabelo area. Figure 3 below shows the responses to this question. This question would supply information on the capacity in which the respondents were answering the survey. The responses would enable us to separate the respondents into categories of residents, employees or business owners. Fifty five per cent of respondents answered the questionnaire as residents of MMM, while 40% were from an employee's viewpoint. Only 5% answered from the viewpoint of a business owner. Figure  5 below illustrates the responses to this question. Figure 5 . Answering capacity Question 7 had 43 responses as it was part of the question logic as explained in question 6.
The responses in Figure 7 shows that 32.56% of citizens utilize professional recycling collection services for general waste, while 48.84% of respondents support the informal recycling collection (street collectors). The remaining 30.23% of respondents separate general waste for composting. This illustrates the presence of professional and informal recycling collectors within MMM. These stakeholders could be incorporated into an ewaste management system in the future. Question 8: Are you aware of informal recyclers (Street Collectors) in your area who collect on municipal waste collection days?
Question 8 was presented to all respondents to deduce if respondents had knowledge of the informal recycling collectors in their area. The significance of this question is to quantify the level of the awareness of the informal sector within MMM. The informal sector will form an integral part and will be invaluable to the success of an e-waste management system. The responses show that 63% of residents are aware of the informal collectors in their area, while 37% of the responses are unaware. Figure 8 refers. A further analysis was performed on all the respondents who answered "Yes" in question 9 to deduce if they actually knew the correct answer to Question 10. Figure 11 below illustrates the information for all respondents who answered "Yes" in question 9. The results show that 56% of the respondents who answered "Yes" were correct, while 31% chose "Environmental-waste", 2% chose "Ecological-waste" and 11% did not know the answer. The result show that even though 48.5% of respondents stated that they knew what e-waste stands for in question 9, only 56% of the 48.5% respondents really did know. This question was aimed at quantifying the average number of devices which respondents currently have in use. The quantifiable results can be found in Table  2 below:
Table2. Quantities of Electrical/Electronic devices currently in use
From the results of the data presented in the table above, further analysis was done by calculating the Mean and Standard Deviation. The Mean highlights the average number of items in each category that is in use by the respondents. The standard deviation is calculated to show the variation or dispersion from the average. The data shows that the standard deviation is high on most answer options, which expresses that the number of items differs widely between respondents. This is illustrated in Table 3 This question was similar to Question 11 above. The question was aimed at quantifying the number of items that the respondents had stored away. Similar to question 11, a further analysis was conducted on the data that is presented in Table 4 above. As a result the mean and standard deviations were calculated in Table 5 The statistical analysis of the data illustrates that there is a low mean, which indicates that there is minimal storage of old equipment. The standard deviation is low which indicates that the number of items differs slightly between respondents. There could however be a bias in answering this question as the storage of e-waste is not always easily quantifiable. The definition and understanding of what e-waste is could also lead to a biased outcome.
Question 13: For how long have you had electrical / electronic devices in storage?
This question was aimed at identifying the length of time that e-waste is in storage. 
Table6. Responses to e-waste stored
Figure 12 below illustrates responses from Table 6 above in a graphical format. Figure  12 . Graphical format of responses to e-waste stored
This data shows that of the total number of respondents to the survey, 63% of respondents have e-waste stored away.
Question 14: What is your main reason for the storage of electrical / electronic devices?
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The storage of e-waste could be due to a lack of awareness of proper e-waste disposal and recycling procedures. This question was aimed at unearthing the reasons why respondents stored away e-waste. From Figure 13 The aim of this question was to quantify the disposal of electrical/electronic devices. The result of this question assists in supporting Question 16 in identifying how e-waste is being disposed of. Majority (60% -80%) of respondents stated that they have not disposed of any of the listed devices. Table 7 below indicates the results.
Table 7. Results of devices discarded or disposed of
The data presented in the Table above can also be further analysed statistically (in Table 8 below). From the analysis it can be determined that there is a low mean, which indicates that the disposal of old equipment is very low. The high standard deviation in most answer options indicate that the number of items discarded or disposed of differs significantly between respondents. This could indicate that certain respondents dispose of a number of items compared to other respondents who have never disposed of similar items. This question continued from Question 15 to probe into the respondents habits of e-waste disposal. Figure 14 below illustrates the responses received regarding discarding and disposal of equipment.
Figure 14. How have items been disposed of?
The majority of respondents at 37.21% stated that they have never disposed of or discarded e-waste before, while 36.05% of respondents discarded their e-waste in the garbage bin (which ultimately ends up in the landfill sites). This could be the consequence of:
A lack of awareness of e-waste management and a system for e-waste disposal A lack of infrastructure for the collection and responsible disposal of e-waste Ignorance on the part of the respondents who should be following a structured process
The remaining respondents at 31.40% and 5.81% respectively, either donated the old equipment to a person/organization or traded it in for a new device. In these instances, it is unknown what becomes of the equipment after passing to the second user or organization.
Question 17: How often do you discard / dispose of items referred in the question above?
This question added a time frame to the discarding of old equipment. The aim is to deduce the frequency of disposal. Figure 15 below illustrates that 39% of respondents have never disposed of items before, while 29.1% disposed of items every 3 to 5 years. This shows that disposal of items takes place very infrequently or in most cases, never. This could also point to opportunities for the improvement for awareness and e-waste system infrastructure.
Figure 15. Timeframe of disposal of items
How often do you discard / dispose of items referred in the question above?
Never Disposed of items before Every 3 -6 months Every 6 -12 months Every 1 -2 years Every 3 -5 years 29% 39% 15% 6% 11%
Question 18: Have you taken recyclables to a collection point before?
This question was probing the awareness of collection points for recyclables such as paper, glass, cans, garden waste, batteries and CFL Bulbs. The information received could possibly assist in identifying possible collection points for e-waste that is currently utilized for other recyclable items. Figure 16 below explains the results.
Figure16. Collection points for other recyclables
Have you taken recyclables to a collection point before (paper, glass, plastics, cans, garden waste, batteries, CFL Bulbs), If so, please specify? From the results 58.1% of respondents do not take recyclables to a collection point, while 29.1% take their recyclables to premises of a business or organisation. The remaining 14% take their recyclables to their employer or place of business. This illustrates that the majority of respondents in MMM are not actively involved in recycling practices.
Question 19: Have you taken e-waste for recycling before?
This question now changes the focus to the recycling of e-waste, as opposed to all recyclables in the previous question. Figure 17 below illustrates the results of the responses to this question. The outright majority of 86% of respondents have not taken e-waste for recycling previously. A marginal 5.8% state that they have taken e-waste to a recycling centre, while 3.5% and 4.7% have taken e-waste to a collection point at a business premises and to a place of employment respectively. The significance of these responses is also valuable to an e-waste management system, where the identified collection points can be incorporated into the system. This question aimed to explicitly enquire if respondents were aware of e-waste drop-off sites. The results of this question would clearly illustrate if there is awareness of e-waste collection sites. Figure 18 illustrates the outcomes of the responses. This question was aimed at measuring the willingness of respondents to participate in environmentally responsible e-waste practices. Figure 19 below shows the graphical responses to this question.
The results of this question illustrates that a 74.1% majority of respondents are willing and able to take e-waste at drop-off sites if they are aware of such collection points. A minority of 18.8% of respondents answered "No" to the question posed. This response could be due to the lack of information on the hazards of e-waste and the laws which govern e-waste that are not adequately enforced. The question posed to respondents was aimed at measuring the willingness of citizens to use free e-waste collection services. Majority of responses at 83.33% stated that they will use such services if they were available. The aim of this question was to deduce if respondents were willing to pay for e-waste collection services. Figure 21 below show the graphical responses to this question.
Interestingly, 50% of the respondents stated that they would not want to pay for the service. The remaining 44.05% of respondents stated that they would be willing to pay for the service. The responses show that the majority of respondents find all three concepts as either important or very important. The significance of this finding shows that with an effective ewaste management system, the respondents would support the initiatives.
Question 25: Would you consider investing in a business in e-waste if it was sustainable?
This question was posed to respondents to measure the willingness to enter e-waste as a business if the opportunity arose. The responses show that 56% of respondents will be willing to invest in a sustainable business in e-waste. The remaining 21% and 23% of the respondents, answered "No" and "Maybe" respectively. The findings show that should ewaste management be sustainable within the MMM, entrepreneurs will definitely consider venturing into the field. From the primary research conducted, it can be concluded that e-waste is not being managed in an environmentally sustainable manner within MMM. From the best practices outlined in the literature review, it can be concluded that MMM is not conforming to national or international standards. The primary research has revealed the following information of how e-waste is being managed in MMM: E-waste is a new waste stream and lack of knowledge or awareness of the endemic issue is of concern in MMM. The citizens of MMM need more information and guidance with regard to recycling practices and e-waste responsible practices specifically. The advertising of e-waste recycling companies needs to be improved and the possible funding of the current e-waste recycling company will assist in building an e-waste management system or recycling centre. The Waste Act of 2008 makes reference to clearly marked drop-off centres at well-advertised locations (the detea, 2013:1).
An effective e-waste take-back system will simplify the responsible disposal of ewaste. Residents and businesses are willing to be more responsible in e-waste management if more information on what is required is provided. Citizens of MMM have a high regard for the concepts of refurbishment, reuse, or recycling, but initiatives in the matter are very limited. There is a lack of laws or regulations that specifically govern e-waste in
MMM.
The disposal of e-waste into landfill sites in MMM is a concern as wastes entering the facilities are mixed and no active monitoring, measuring or enforcement occurs to prevent the dumping of e-waste. There are currently informal collectors at landfill sites who salvage e-waste for recyclers, however, crude dismantling practices are used to extract only valuable recyclable materials. The remaining "non-recyclable" toxic and non-toxic materials are compacted into the landfill site. There are current formal and informal recyclers in MMM who collect recyclables for recycling centres. Current initiatives are starting to raise awareness and to collect e-waste, but this needs to be expanded to a larger scale.
The findings of the Literature Review as well as the Primary research indicate that e-waste is a global and local concern. There have been initiatives in other provinces in South Africa to implement e-waste management but nothing has been introduced in the Free State province or MMM in particular. Therefore a need exists to expedite the introduction of these initiatives in MMM to ensure better control and management of the problem.
The findings have answered the following research questions:
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What are the levels of awareness of e-waste management within the MMM?
The findings have led to the conclusion that the awareness of e-waste management in Bloemfontein is very low. All stakeholders need to be made more aware of the consequences of irresponsible e-waste disposal. The residents need to be more aware of e-waste in general and then to become more active in responsible recycling activities. The management authorities of MMM need to enforce regulations that govern e-waste disposal so that illegal dumping can be eradicated.
Would there be more responsibility from residents and businesses with heightened awareness, and if the facilities for disposal of e-waste were more convenient?
The residents and businesses have indicated that they will be willing to drop off e-waste at a recycling centre if the facilities were available. There was also a positive response to e-waste concepts such as refurbishing and recycling, which illustrates the willingness to be more environmentally responsible.
Based on best practices, what recommendations can be made to MMM or interested parties to heighten awareness and responsibility regarding e-waste management?
Recommendations
The following recommendations can be made to MMM or interested parties in order that e-waste can be better managed within the metropolitan:
The SECO pilot initiatives and StEP guidelines that have been introduced in other South African provinces would need to be implemented in MMM. MMM should pass detailed by-laws that specifically govern the disposal of ewaste. There must be stringent enforcement of those laws to ensure compliance.
The take-back system needs to be funded to be successful. This should be incorporated into the Section 21 companies that the detea have already been proactively proposing. This will have to be included in the e-waste collection strategy. For the initiatives to be successful all stakeholders must be consulted and included into the system. More awareness campaigns regarding responsible e-waste disposal are required.
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An e-waste collection strategy should be implemented throughout MMM which incorporates a permanent drop-off facility (similar to Refurb Warehouse), special drop-off events (similar to the FNA event) and door-to-door / curb side pickups which can incorporate the formal and informal collectors. Effective awareness campaigns ought to be implemented. Awareness initiatives should also incorporate the concepts of reuse and refurbishment to minimize disposals in the first place.
The plan is outlined in Figure 24 below: Figure 24 . MMM E-waste action plan 
Conclusions
In conclusion this study has achieved the aims and objectives that were initially set out. As this study concentrated on the Mangaung Metropolitan Municipality, there is scope for further studies to be conducted in the remaining municipalities in the Free State and other provinces in South Africa where e-waste is possibly not being managed. The study can also be further explored in terms of the exact quantities of the e-waste flow once an e-waste management system is implemented. The initiatives of manufacturers in producing green electronics, as well as the participation of consumers in purchasing environmentally friendly electronics can be a scope of further study. The employment or business opportunities created by e-waste disposal can be studied to quantify socio-economic development within the MMM area.
There is a need for the Mangaung Metropolitan Municipality to respond to the emerging ewaste problem, through developing new regional by-laws, building partnerships with all stakeholders in the current system and incorporate all of this into an integrated e-waste management system for MMM. This can be achieved by implementing the proposed MMM e-waste action plan, for a brighter and more environmentally sustainable future for MMM.
